case of HECT (homology to E6-AP C terminus)-type
, an Summary E3 complex consisting of Skp1, Cdc53, Rbx1, and F-box Cdc4 proteins. SCF Cdc4 is the prototype of a large class The S. cerevisiae SCF Cdc4 is a prototype of RING-type of RING-H2 type SCF E3s. Multiple phosphorylation SCF E3s, which recruit substrates for polyubiquitinasites set a threshold for recognition of Sic1 via a phostion by the Cdc34 ubiquitin-conjugating enzyme. Curpho-receptor in WD40 domain of the Cdc4 subunit, sugrent models propose that Cdc34 ubiquitinates the subgesting a binding equilibrium-based substrate recognistrate while remaining bound to the RING domain. In tion mechanism ( Figure 1E , lane 2, top) and autoubiquitination other.
( Figure 1E , lane 2, bottom). These activities were resTo address these questions, we characterized the dycued by addition of 3 M Cdc34⌬-S‫ف‬Ub ( Figure 1E , namics of the interaction between the Cdc34 E2 ubiquilane 3), likely through replacement of uncharged Cdc34⌬ tin-conjugating enzyme and SCF
Cdc4
, and examined its from SCF Cdc4 ( Figure 1F ). We observed similar rescue of role in the mechanism of ubiquitination. Our results are SCF Cdc4 prebound to a Cdc34⌬C95A active site mutant inconsistent with a model in which an E2 functions in ( Figure 1E , lanes 4 and 5), demonstrating that the cataan E2/E3 complex. As we present below, the dynamic lytic activity of prebound Cdc34⌬ was not required for binding equilibrium between the ubiquitin-charged E2 rescue. and the E3 is a critical factor in the mechanism of ubiquiIn the rescued reactions, only about 10% of untination and may explain the spatial flexibility of cacharged Cdc34⌬ was replaced with Cdc34⌬-S‫ف‬Ub (Figtalysis Figure 1A, lanes 9-12, top) . This slow dissociation was the Dissociation Rate Constant specific because in the same reaction mixtures Sic1
To characterize the kinetics of Cdc34 binding to SCF Figure 2B, lanes 11 and 15) . In contrast, at 3 M Cdc34⌬ (10-fold above the K D ), up to seven lysines on Sic1 were Instead, efficient autoubiquitination was observed only at Cdc34⌬ concentrations exceeding the K D value for ubiquitinated ( Figure 2B, lanes 13 and 17) . We confirmed these results using K-0 ubiquitin, a lysine-less ubiquitin Cdc34-S‫ف‬Ub binding to SCF These observations suggest two possible models for autoubiquitination. In the first model, the Cdc34⌬-S‫ف‬Ub Modification of seven lysines on Sic1 is consistent with some flexibility in target selection by Cdc34-S‫ف‬Ub, released from SCF Cdc4 is more active and can more efficiently ubiquitinate other Cdc34⌬ molecules in solution, but ubiquitination of a single lysine at 30nM Cdc34⌬ demonstrated specificity higher than expected from a providing that they are sufficiently concentrated to allow intermolecular collisions. In the second, SCF Cdc4 has no diffusion-based reaction. Moreover, even under conditions of rapid catalysis, not all the modified lysines were effect on Cdc34 activity but increases the local concentration of Cdc34⌬ by an unknown mechanism. equal targets. Kinetics of Sic1 ubiquitination with octadimethylated ubiquitin at 3 M Cdc34⌬ showed that initially only one of the available lysines was favored Endogenous Cdc34 and SCF Are Functionally ( Figure 2C, lane 10) . This lysine was likely modified with Equivalent to Recombinant Proteins a single chain consisting of 5-7 ubiquitins, because in An important question was whether the mechanism that assays with regular ubiquitin of a comparable activity we identified using recombinant proteins can be applied at least seven bands accumulated at the same time to the function of endogenous Cdc34 and SCF. This is ( Figure 2C, lane 2) . Only after this initial target lysine was important for two reasons. First, Cdc34 is phosphorymodified did additional lysines become ubiquitinated lated in vivo (Goebl et al., 1994), which is unlikely for a ( Figure 2C, lanes 11-15 and 3-7) . Thus, while the rate recombinant protein expressed in E. coli. Second, of Sic1 ubiquitination at different Cdc34 concentration Cdc53 is more efficiently modified with the Rub1 ubiquiis consistent with predictions from the Cdc34-S‫ف‬Ub/ tin-like protein in yeast cells than by the Rub1 homolog SCF Cdc4 binding constant, the reactions were more selecin the insect cells used for production of recombinant tive than expected from a diffusion-based process, sug-SCF Cdc4 complexes. gesting that additional factors may be involved.
We 
